Introduction
============

Nephrotic syndrome is a pivotal manifestation of glomerular injury associated with various kinds of neoplasms ([@B1]). Membranous nephropathy is a major kidney disease among nephrotic patients with solid malignancy, while other pathologies, such as minimal change disease (MCD), membranoproliferative glomerulonephritis, and focal segmental glomerulosclerosis can also manifest as paraneoplastic glomerulopathy ([@B2],[@B3]). Occasionally, such a relationship can be seen even in patients with thymoma, which is a common neoplasm of the anterior mediastinum arising from thymic epithelial cells ([@B2]-[@B4]). Nephrotic syndrome may either precede or act as the presenting feature of the disease, although there is often a substantial time interval between the 2 conditions, with renal manifestations occurring in approximately half of all cases 8 to 180 months after the curative treatment of thymoma, primarily based on surgical resection with radiotherapy ([@B5]-[@B7]).

In this report, we describe our experience with a case of nephrotic syndrome due to MCD, which is considered to be the most common type of Hodgkin\'s lymphoma-associated paraneoplastic glomerulopathy ([@B2],[@B3]), in a man with retroperitoneal recurrence of invasive thymoma.

Case Report
===========

A 68-year-old man was admitted to our hospital in the beginning of July 2016 complaining of progressive swelling in his upper and lower limbs. Seven years earlier, he had been found to have asymptomatic microhematuria with a dysmorphic red blood cell predominance when he manifested a protracted cough and was diagnosed with invasive thymoma based on a systemic evaluation. He was then subjected to one session of neoadjuvant chemotherapy consisting of cisplatin, doxorubicin, vincristine, and cyclophosphamide with a marginal change in the overall size of the neoplastic lesion. Thereafter, right upper and middle pulmonary bilobectomy as well as thymo-thymectomy combined resection of the pericardium and right phrenic nerve was performed through median sternotomy, leading to a pathological diagnosis of type B3 disease according to the World Health Organization classification with Masaoka stage IIIA ([@B8]).

His postoperative recovery was uneventful, and a routine follow-up computed tomography (CT) examination performed at 67 years of age (October 2015) revealed a right anterior pleural nodule with a thickened pleura and a well-circumscribed homogenous solid mass in the right retroperitoneal space without any remarkable symptoms ([Fig. 1A and B](#g001){ref-type="fig"}). A CT-guided fine needle biopsy from the retroperitoneal mass lesion was diagnostic of metastatic thymoma, having a similar histological pattern to the primary neoplastic tissue. At the time, there were no signs of nephrotic syndrome, and his serum albumin (Alb) level was 4.1 g/dL, while a dipstick analysis revealed a 2+ occult blood reaction despite a negative result for urine protein with a serum creatinine (Cr) level of 0.95 mg/dL. At the end of June 2016, his serum Cr level was 1.08 mg/dL when the patient started to complain about symptoms in his extremities. Seven days later, a laboratory analysis revealed a reduced serum Alb level of 1.9 g/dL, an increased serum Cr level of 2.29 mg/dL, and heavy proteinuria of 21,400 mg/gCr. The patient was therefore referred and admitted to our hospital for further work-up.

![Radiographic findings. A select axial image of a CT examination performed in October 2015 (A) showed a right anterior pleural nodule (arrow) and a well-circumscribed mass (arrowhead) in the right retroperitoneal space, while a sagittal reconstructed image (B) revealed the thickened parietal pleura (arrow) as well as the retroperitoneal mass (arrowhead). A select axial image of follow-up CT performed in August (C) revealed marginal changes in the thickness and size of the right retroperitoneal mass (arrowhead) despite a slight reduction in those of the right anterior pleural nodule (arrow). The appearance of the thickened parietal pleura (arrow) was also virtually unchanged (D).](1349-7235-56-3317-g001){#g001}

At admission (hospital day 1), he had gained approximately 7.5 kg in the previous 2 weeks, bringing his weight to 70.5 kg. His blood pressure was 135/81 mmHg with a pulse of 92 beats/min and temperature of 36.4℃. No rashes or petechiae were observed. Renal sonography revealed that the right and left kidney measured 103×44 mm and 102×57 mm in size, respectively, with normal renal cortex echogenicity. A laboratory evaluation revealed the following results: white blood cells, 5,500 /μL; hemoglobin, 13.1 g/dL; platelet count, 20.4×10^4^/μL; fibrinogen, 568 mg/dL, D-dimer, 23.5 μg/mL, blood urea nitrogen, 65 mg/dL; serum Cr, 2.56 mg/dL; total protein, 4.6 g/dL; serum Alb, 1.9 g/dL; sodium, 143 mmol/L; potassium, 4.5 mmol/L; chloride 111 mmol/L; calcium 7.6 mg/dL; phosphorus 3.3 mg/dL; asparate aminotransferase, 15 U/L; alanine aminotransferase, 9 U/L; fasting plasma glucose, 82 mg/dL; hemoglobin A1c, 5.9 %; C-reactive protein, 0.19 mg/dL; immunoglobulin (Ig) G, 776 mg/dL; IgA, 170 mg/dL; and IgM, 73 mg/dL. He was positive for anti-nuclear antibodies, while tests for anti-neutrophil cytoplasmic antibodies, hepatitis B virus surface antigen, and antibodies to the hepatitis C virus were all negative. His urine was 3+ for protein and contained 11.9 g of protein in a 24-h specimen, while the sediment showed 5 to 9 red blood cells per high-power field. The Cr clearance and proteinuria selectivity index were 36.3 mL/min and 0.175, respectively.

On hospital day 6, a renal biopsy revealed 3 cores of renal parenchyma with 35 glomeruli, almost half of which were globally sclerotic. The rest of the glomeruli showed an almost normal appearance, and there was marginal tubular atrophy. An immunohistochemical analysis failed to reveal any immune complex deposits, while electron microscopy showed flattening of the foot processes of the glomerular visceral epithelial cells without any apparent electron-dense deposits within the glomerular basement membrane or mesangial area, leading us to ascribe his nephrotic syndrome to MCD ([Fig. 2](#g002){ref-type="fig"}).

![The renal biopsy findings. (A and B) Photomicrographs of the glomeruli in the different renal biopsy cores. Each light micrograph demonstrates a glomerulus showing minor abnormalities (*Periodic acid-Schiff staining*). (C) A low-power view indicates two glomeruli with a collapsed glomerular tuft with global wrinkling of the capillary walls and a urinary space filled with acellular material. The other glomeruli showed marginal glomerular changes (*Periodic acid-Schiff staining*). An electron micrograph of a portion of the glomerulus (B) demonstrates diffuse foot process effacement (asterisks). The scale bar is indicated in each panel.](1349-7235-56-3317-g002){#g002}

Oral prednisolone (PSL) at a dose of 40 mg/day was commenced on the day after the renal biopsy (hospital day 7). In addition, he was started on an increased dose of intravenous furosemide with a titrated dosage ranging from 300-700 mg/day. Nevertheless, he remained grossly edematous, and the decline in his renal function steadily progressed, leading to an elevated serum Cr level of 4.28 mg/dL and a reduced urine volume of approximately 400 mL on hospital day 10. Thus, oral tolvaptan (15 mg/day) and spironolactone (50 mg/day) were added to the therapeutic regimen, and he was subjected to a transient hemodialysis (HD) program. He underwent a total of 6 HD sessions between hospital days 10 and 24. During this time, his urine volume began to increase along with a gradual improvement of his edematous status. Another follow-up CT performed on hospital day 41 (mid-August 2016) revealed a marginal change in the thickness and size of the right retroperitoneal mass despite a slight reduction in those of the right anterior pleural nodule ([Fig. 1C and D](#g001){ref-type="fig"}). Around the same time, diuretics were no longer required to control the patient\'s fluid status; however, he still had heavy proteinuria (3.6 g/day with an increased serum Cr level of 1.97 mg/dL) on hospital day 39, despite the continued administration of oral PSL (40 mg/day). We therefore administered intravenous pulse therapy with methyl-PSL (500 mg/day) for 3 consecutive days from hospital day 40 followed by oral PSL (35 mg/day). At approximately 6 months after the renal biopsy, he was being treated with oral PSL (20 mg/day), having reached complete remission with a urine protein level of 100 mg/gCr despite the fact that the recurrent thymoma remained due to the conservative nature of its management, and his serum Alb and Cr levels settled around 3.8 g/dL and 1.14 mg/dL, respectively.

Discussion
==========

The link between nephrotic syndrome and thymoma was first described over three decades ago by Posner et al. ([@B9]). Since then, several paraneoplastic kidney diseases have been identified among patients complicated by thymoma, with MCD being the most frequently reported glomerulopathy ([@B2],[@B3]). Numerous patients with thymoma-associated nephropathy may manifest renal insufficiency as well as nephrotic syndrome ([@B6]). In this regard, the clinical scenario of the current patient characterized by a set of events, including invasive thymoma, minimal change nephrotic syndrome, and elevations in serum Cr levels, which can be ascribed to acute kidney injury (AKI), may not be surprising. However, few systemic studies have been conducted on this topic ([@B5],[@B6]) due to the rarity of the disease. Indeed, only 2 cases with nephrotic syndrome were identified in a review of 960 cases of thymoma ([@B10]). We believe that the accumulation of more such cases will help clarify the nature of the disease.

The pathogenesis linking thymoma and MCD has yet to be delineated, but disturbances in the T-lymphocyte function resulting from a remote effect of thymectomy may induce nephrotic syndrome through the accelerated production of biological mediators ([@B11]), thereby increasing the glomerular permeability ([@B6]). The current case conflicts with this proposal in some ways, since our patient had already been complicated with recurrent thymoma at approximately 9 months before the onset of the symptoms of nephrotic syndrome. Information about the onset of nephrotic syndrome during the course of advanced thymoma is limited ([@B6],[@B12]-[@B14]), thus preventing us from evaluating the impact of this time lag on the overall disease process in the current patient. Nevertheless, we feel it is reasonable to consider that abnormalities in the immune system may result from thymoma as well as thymectomy, since the thymus is the primary stromal milieu guiding the maturation and selection of T-lymphocytes ([@B15],[@B16]). Interestingly, a detailed description of changes in the immune cell subset composition in recurrent thymoma-associated MCD was recently published ([@B17]), implying the presence of immunologic disturbance in subjects with recurrent disease. However, whether or not different histological types of thymoma result in distinct paraneoplastic glomerular injuries remains unclear. In the largest series of paraneoplastic glomerulopathies associated with thymoma, membranous nephropathy was exclusively identified in patients with epithelium-predominant type B3 thymoma; however, it has been shown in patients with other histologic types of thymoma as well ([@B5],[@B9],[@B18]).

Steroid treatment appears to be well-tolerated and have acceptable benefits in select patients with thymoma-associated nephrotic syndrome due to MCD; however, previous studies demonstrating a good response to such a procedure are limited by their reliance on observational and retrospective data, making them vulnerable to confounding ([@B6],[@B7]). Adjunct therapy with cyclosporine, cyclophosphamide, and/or chemotherapeutic agents has also been practiced in some patients in remission for nephropathy ([@B14],[@B19]-[@B21]), but a lack of prospective data implies that the decisions made concerning therapy may be empirical. In the current case, the remnant state of the recurrent neoplasm as well as our failure to promptly perform tumor ablation with surgery, chemotherapy, and/or irradiation might have characterized the patient\'s overall response to the corticosteroids ([@B3],[@B22],[@B23]), and this might lead to the delayed or incomplete recovery from the AKI despite our failure to confirm histological characteristics compatible with interstitial edema and ischemic tubular injury, which can be pathogenic bases for the disease among patients with MCD ([@B24],[@B25]), in the renal biopsy specimens. Nevertheless, the lack of substantial information about the disease process of MCD accompanied by recurrent thymoma prevents us from objectively evaluating the validity of the overall outcome in the present patient. Why our patient had red blood cells in his urine throughout the observation period remains unclear; however, some patients may present with microscopic hematuria despite a normal ultrastructural appearance of the glomerular basement membrane ([@B26]), and it has been acknowledged that patients with MCD can occasionally manifest microscopic hematuria with a benign course ([@B24]-[@B26]).

Thymoma has an indolent oncological behavior. Recurrent disease is observed in 10-30% of patients several years after radical surgery ([@B27]). This recurrence often follows a locoregional pattern, with the pleura and mediastinum being the most common sites ([@B27]); in contrast, there have only been a few anecdotal reports published describing the retroperitoneal recurrence of invasive thymoma ([@B28]-[@B30]). In the present patient, a histological evaluation was only performed for the retroperitoneal mass, preventing us from precisely evaluating the disease process of the recurrence. We also failed to confirm a distinct connection between the retroperitoneal lesion and the right pleural cavity in the diagnostic CT scan, as described previously ([@B28],[@B29]). Nevertheless, we feel it is reasonable to consider that the transdiaphragmatic spread originating from the pleural involvement might have played a role in our patient as well. Currently, treatment strategies for recurrent thymoma remain to be standardized, and no consensus regarding the optimum therapeutic option has yet been established, although surgical approaches have proven feasible with varying success in select patients ([@B27],[@B31]). Uneventful tumor resection has also been shown, even in patients with recurrent disease in the retroperitoneum ([@B28]-[@B30]). Alternatively, or in addition, there may be a subset of patients with recurrent thymoma who benefit from steroid treatment leading to tumor debulking ([@B32],[@B33]). Our failure to confirm a distinct benefit of the treatment with corticosteroids on the retroperitoneal mass may not be surprising, as type B3 thymoma has been shown to be somewhat resistant to such agents ([@B33]). When our patient started to manifest swelling in his upper and lower extremities, he did not agree to surgery promptly despite the absence of absolute contraindications; we therefore prioritized the diagnostic and therapeutic management for the patient\'s concurrent nephrotic syndrome. No clear recommendations regarding the appropriate timing for surgery have yet been made ([@B27],[@B31]); however, we believe that careful follow-up is mandatory in order to avoiding missing the opportunity to reintroduce a proposal for surgical intervention when applicable.

In conclusion, our case provides further indirect evidence that MCD may be a consequence of an imbalanced immune system resulting from acquired thymic disease. Monotherapeutic corticosteroids may be a therapeutic option for thymoma-associated MCD, although information regarding the appropriate dosage, optimal duration, and tapering protocol for these kinds of agents is lacking. Obviously, further experience from a larger number of cases similar to ours will be required to clarify the nature of the disease and establish optimum therapeutic strategies.
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